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Terminal Statement for Research
Grant No. NsG 222-61

This research has been concerned chiefly with Rb-Sr
age studies of tektites and studies of the major element
compositions of tektites. In these two areas contributions
bhave been made, both ir contributions to the bulk of the
chemical data on tektites and to the theory of origin of
the tektites. The results of most of this werk has been
published, and the publications which have been sponsored
by NASA Research Grant Ne. NsG 222-61 are listed at the
end of thls terminsl report, aleng with abstracts from
seme of the publications, professional paper presentations,
and theses.

Thirty~five new major element analyses of tektites
(Schnetzler and Pinsen, 1964a, 1964b) have been published,
and an additional twenty-three analyses of moldavites is
now in press (Philpotts and Pinson, 1965). The significance
of this work is two-fold. It has provided a substantial
increase in the number of reliable analyses of tektites
from the various localities. Barnes (1940, U, of Texas
Publ. No. 3945) bad compiled sixty-one published analyses.
Of the ninety analyses published subsequent to this
compilation by Barnes, fifty-eight are our work. We
consider these analyses to be especlally trustwerthy
because they were all carefully monitored using G-1 and
W=1 as accuracy standards and because all of the analyses
were accomplished in one laboratory, giving a8 uniformity
of quality to them. The analytical data for the twenty-
three moldavites has been used (Philpotts, 1965; Philpotts
and Pinson 1965) to demonstrate that the chemical vari-
ability of the moldavites is due to a process of selective
volatilization during the fusion event, rather than to
chemical differentiation due to any normal igneous
processes, The invariant Sr isetopic composition of the
moldavites (Pinson, Schnetzler, Philpotts, and Fairbairn,
1966) coupled with their variable chemical compositions,
and the negative correlations between the alkali and
alkaline earth elemente suggests that the parent material
of the moldavites was of nearly constant chemical and Sr
isotopic composition throughout, and that the present
variations in chemical compositions are due to selective
volatilization. :imiler data for the Ivery Cesst tektites
strengthens thiz theory.
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The Rb-Sr age correlation studies of tektites at
first led us to believe that the tektites had been
splashed off the surface of some extra terrestrial
planet, possibly the Moen. This hypethesis, which we now
believe to be erroneocus, was based on the discovery that
the southwest Pacific tektites, the moldavites, and the
North American tektites form a 400 million year Rb-Sr
isochron (Schnetgzler and Pinson, 1964). The improbability
of three separate metecorite impacts fusSing rocks of just
that age (400 m.y.) seemed so high that we suspected
that the impacts must have occurred on the surface of
another planet and that the surficial rocks (to a depth
of perhaps a kilometer) on that planet were of uniform
Rb-Str age. To further check our hypothesis we needed
samples of Ivory Coast tektites. These were uncbtainable
until recently, when we acquired a large collection of
Ivory Coast tektites. Results of work on these samples
(Schnetzler and Pinson, and Hurley, 1965) show that the
Ivory Coast tektites indeed do not fall on the 400 m.y.
isochron, but lie on an isochron 2000 m.y. old, with
rocks from the vicinity of the Bosumtwi Crater in Ghana.
Impact glasses from the crater area also lie on this
isochron. Like the moldavites, the Ivory Coast tektites
bave almost invariant Sr isotopic compositiens, but
variable chemical compositions. Both have Rb/Sr ratios
that vary over a range of about 30%.

28 has been demonstrated by other workers that the
K40/a%0 ape of the moldavites of 15 m.y. is identical to
th€age of the Ries Kassel basin meteorite impact crater.
The variety of rock types of ages ranging from middle
Paleozoic (at depth) to Miocene makes a Rb-Sr age of
400 m.y. . not unreasonable for glass (the moldavites)
derived from the fusion of such rocks.

More convincing is the data for the Ivory Coast
tektites and the rocks and impact glass of the Bosumtwi
crater. K*40/440 gges of 1.3 m.y. for both have been
reported by other workers, and our Rb-Sr isochron age of
2000 m,y. for both is taken as evidence that the Ivory
Coast tektites were fused from ancient country rocks at
the Bosumtwi cratexr site.

We presently possess a very fine collection of 75
Ivory Ceast tektites, The compositions, shapes,
physical characters, etc. of these tektites are typical
of those of tektites, s that, 1f it has been demonstrated
that the Ivory Ceoast tektites and the meldavites are
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terrestrially derived by impact from adjacent craters
located at distances of several hundred kilometers, then
the other two tektite groups probably were similarly
derived from terrestrial craters whose locations are as
yet undiscovered.

The important work of Chapman on the aero dynamic
shapes of tektites, and his theoretical and experimental
demonstxration that these tektites must have been extra-
terrestrial remains a formidable refutation of a
terrestrial origin, and is in paradoxical conflict with
the present K/A and Rb/Sr age data which so streongly
suggests a terrestrial origin for two of the four groups
of tektites. We cen suggest that some mechanism for
removing the atmosphere from the region of the meteorite
impact site blast exists that is not as yet understood.

In conclusion, it is 7y opinion (Pinson) that both
the Ivory Coast and the Czechoslovakian tektites and
probably the other two groups of tektites are of
terrestrial origin.
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Below are tabulated some abstracts from published
papers of research supported by NsG 222-61

A report on seme recent major element analyses of tektites
C.C. Schnetzler and W.H. Pinson Jr.
Geochim. et Cosmochim. Acta 1964, 28, 793-806.

Abstract- Forty-two tektites and twe "amerikanites" were
partially or completely analysed for major elements. In-
cluded were 7 moldavites;l bediasite, 2 javanites, 15
pbilippinites, 12 indechinites and 5 sustralictes. Many
chemical similarities are noted between the philippinites
and indeochinites, but the twe groups appear different in
5102, A1203, Ti02 and, in particular, Ca0 contents. No
decrease in alkeli element content is cbserved from Inde-
China to the Philippine Islands (i.e. west to east) as is
cbserved acress Australia. Selective velatilization can
not account for the differences in the two groups. Perhaps
the bigher Ca0 and Sr contents 5f the philippinites are
due to contamination of the parent material by limestene.
The CaQ contents ©f the indochinites analysed are dis-
tinctly lower, and the Mg0 contents higher, than the
analyses reported in Barnes (1940). Real variations, up
to approximately 10 per cent for some constituents, .
exist within the philippinites and indochinites, and even
within tektites frem restricted sites. Tektites from two
sites in the Philippine Islands are identical, within
experimental error, in mean composition., The unity of
chemlcal character of the australites and the southeast
Asian tektites strongly suggest that they represent one
large strewn field. New moldavite analyses do not in-
dicate any systematic chemical variation across the
Cgechoslovakian strewn field.

Variation of strontium isotopes in tektites
C.C. Schnetzler and W.H, Pinson Jr
Geochim. et Cosmochim. Acta, 1964 28, 953-969.

Abstract- The rubidium, strontium, and strontium isotopic
compoeitions have been determined in tektites from Indo-
China, Philippine Islands, Java, Australia, Texas,
giaé.ﬁhsaachusetts and Cgecheslovakia. The range of
/sr8 ratios in 18 tektites is frem 0.7121 to 0.7223,
indicating the results of Pinsen et al. (1958), reporting
no radiegenic strontium in tektites, were not of sufficient
precisien to study the problem definitively. This ranze



«5-

Variation of strontium isotopes in tektites
Abstr gs
of 5r®7/sr%® racios is quite small compared to the range
found in nature, in general agreement with previous
studies of oxygen and silicon isotopes in tekties. Rb
and Sr contents of tektites from a given locality are

very similar, but differences exist between localities.
There ﬁ? 1n§§cated, however, a sympathetic variation of
the Sx°//Sr”" and Rb/Sr ratics, i.e. the tektite groups
have age values of appreximately 400 m.y. If tektites
were derived from the Meon, and the_surface of the Mecon

is old (4.5 b.y.), the observed Sr 7/Sr raties could

not have been develcped by a chondritic, granitic, or
tektitic surface material, but could have been generated
by a basaltic type material. However, preduction cof
tektites from a basaltic type surface material during a
high temperature fusior implies extreme fractienation in
a direction contrary to expectation. A second possibiltty
is that the Moon has undergone differentiation within the
last 500 m.y.

Comparison of the Rb~Sr age of the Bosumtwi crater area ,
Ghana, with the age of the Ivory Ceoast tektites

C. G. Schnetzler

Submitted to Science for publication, October 1965

Abstract- Rocks from the vicinity of Bosumtwl crater,
Ghana, and a representative collection of Ivory Coast
tektites have been analyzed mass spectrometrically for
rubidium, strentium, and strontium isotopic composition.
The data from the crater area rocks_yleld an age of

1.97 x 10” years (2 g, = L.47 x IO'IIyear 1y. The Ivory
Coast tektites plot on this isochrxon. This identity of
age values for the Ivery <oast tektites and the Birrimian
basement rocks of West Africa strongly supports the
hypothesis of terrestrial formation for these tektites.
The evidence available at present suggests the Lvory
Coast tektites are most probably the fusion products of
meteoritic impact at the Bosumtwl crater site.

K/Rb ratios in tektites
W.H. Pinson, Jr., J.A, Philpotts, and C.C. Schnetzler
Journal of Geophysical Research, v.70, No.12, June 15, 1965

Abstract- K/Rb weight ratios and individual K and Rb
contents are reperted for 54 tektites. Twenty-nine of
these analyses are new. The ranges of K/Rb ratios



K/Rb raties in tektites

Abstract

found in the present investigation for tektites from the
different localities are: australite, 151-185, 4 samples;
javanite, 162; philippinites, 169-174, 7 samples; indo-
chinites, 166~-178, 8 samples; Ivory Coast, 209; moldavites,
197-238, 30 samples; North America, 249-267, 3 samples.
Thus the Pacific area, North American, and Cze~hoslovakian
tektites fall into three distinctive K/Rb ratis groups.
Potassiun was determined by flame photometry, 23 of the
moldavite analyses being cenfirmed by X-ray fluorescence,
Rubidium was determined by X-ray fluorescence with
standardization and numerous cross checks by mass-
spectrometric and stable-isotope~dilution analyses. G-l
and W-1 were used as analytical monitors. Precision and
accuracy for the ratios are better that + 4%, Variations
of the K/Rb ratios within a group are interrupted as
resulting from differential volatilization rates for K
and Rb during high-temperature fusion, whereas differences
between the geographical groups are thought to reflect
initial compositional variations in the parent materials.

Y



Abstracts of some Papexs Glven at Professicnal Meetings

American Geophysical Union frogram
Abstracts fox April, 1961

W.H.Pinsor and €.C.Schnetzlier (Massachusetts Institute of Tehomology,
Cambridge . Mass.) Rb-8x Corzalation Studies of Tektites -- Reanalyses
af tekistes heve wevealed that chey do eontaln meesurable cuanvities
of vadiogenlc Sr. Earlier analyses {Pinscny, reporting tekilte &r o
be of normal isotopic composition, were in exwor. By divecet mess
spec rometric meazuvaments the 87/86 ratios of eleven tekilles zanged
frem 0.7168 to 0.7215, averaging 0.7185 + 0.0005 {standard deviation
of the wean). Included are Philippinites, Indoc-Chinites, Australites,
a PBediasite, and a tektite from Martha'’s Vineyard. 7Two HMoldavites
yielded G.7257 and 0.7235. Triplicate isctope ratio analyses on two
Indo-Chinites gave a standavd devietion of a single analysis of 0.0010
and 0.0007. K-Ar analyses {(Reynolds) indicate a fusion date of less
than 30 m.y. for all tektites, in feact less then 1 m.y. for Pacific
area tektites. Only a segligible increase in 87/86 could have vccurred
in 30 m.y. The measured ratios are egsgentially tihe same as at the time
f fusion. It appeavs that tektltes exclusive of Moldavites may be
correlated into a single group on the basis of their 87/86 ratics.
Strikingly low water contents (Friadman are evidence of very high
fusion temperatures, which might have disturbsd Rb/Sr ratics by fraction-
ation., if the measuved Rb/Sr ratlos arve applied and any initial Rb/Sr
value is assuwmed, two calculsred age value groups smexge. If initial
87/86 = 0.712, 200 m.y. ig obtalned for Pacific area tekiites, and 300
m.y. for the Bediasite, Martha's Vineyard tektite, and the Moldavites.

Amevican Geoghysical Union Program
Abstracts for April, 1962

C.C.Schuetzler and William . Pinson, Jr. iMasgachusetts Instlitute
of Yechnology. Cambridge) A Study of the Chemlcsl Composition of

Tektites from the Southeast Paclfic. Thirty-four new major-element

tektite snalyses are giveo below, the numbers Iin parantheses repre-
senting numbars from escn lerality (sse tabls on aext page).
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Philippinltes (15 fnduchinltes le} Javanires (?) Ausrxalltes (5}

L S L e S e v =z v anae

$10 76.8 73.0 70.2 71.3

AL,0, 13.85 12.83 12.29 13.96
Fe,0, .70 G.54 0.71 G.65
¥ai 4.30 4.37 5.86 3.95
Me0 2.60 2.48 b4, 47 2.11
a0 3.09 1.91 2.47 3.50
K0 2.40 2.40 1.96 2,39
Ma ;0 1.38 1.45 1.10 1.43
Ti0, G.79 0.73 0.68 0,72
¥n0 0.09 0.09 0.12 0.09

Small differences in Ti, Si, and Al, and & large difference in cCa
contents between indochinites and philippinites are established.
However, the chemical similavities (confirmed also by trace-element
and isotape studies) are moxe striking than the differences. For
example, the K/¥a, ¥2/Mn, and Fe2t/Fes" ratios are identical in
three of the groups, and all four groups possess & unity of chemical
chavacter which to us excludes any random process of Eormation,

such as & sepavate meteoritic lwmeacts. Houever, difficalties (such
a3 thely peculiaw geographileal dlstributions) of flrziug the com
pusieional dats wo the hy ﬂ:tf?bia m* vﬂﬂ blg metersitle splash causge
o £avoy an SLLoa-ed ;

ophysical Uniom FPrograa
or April. 9%

W H.Pinscn {(Dept. Geology and Ceophvaics, Massachuseits Institvuce of
Teehmology . Cambridge), D.0.fohnetzler (Coddard Space Flight feantex,
Greenbelt, Md.)Y, J.A.Philpoers and H.W.%Fairbairmn (Dept. of Grology
end Ceophysics. Massachusetts Inscitute of Techuology, Cawbridge,
ib=Sr Coxrelation Studv of the Moldavives. FEb contents from 96 o
1860 ppm and Sr from 124 to 157 ppm have Leen determined for 31
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Abstracts

moldavites, Rb/Sr ratics rsnge from 0.77 to 1.20. Precision of the
ratios is 4% . Nine of the samples have been analyzed isotopically.
sr87/5:86  normalized to 0.1194 for Sx35/5y88, vanges from 0.7208 to
0.7224, Excepting or> =nalyels, the range = 2 other eight analysis
is 0.001%, which is two standazd deviations of a single analysis.
There i3 no sympathetls variastion lLetween Sr lsctople compositionz and
Rb/Sv ratios. We interpret this te mezn that during fuslon elthex
either &b or Sr was lest diffexentialiy. The feazler event would nov
fracrionate the Sr igotopes. BRoth the Behemisan and Movavian strewn
fields are represented in the sampling, and rhe Rb-Sx data do not
discinguiszh the two areas. Two hypotheses are suggested. Firstly, the
parent material was chemically and gecochronologically homegeneous, ovex
the whole crater area and in depth. This is incompatible with the
hypothesis that the moldavites were blasted off the Nbrdlingen-Ries
crater, for the rim rocks thers exhibit a grest vaxiety of types.
Furhtermore, thexe is apparently no chemical relation between the
crater impact glass and the moldavites. The second hypothesis is that
a remarkable homogenization cf the parent-material Sxr occurrxed during
the fusion event, which allowed a variation in chemical compositicas
to arise through selective volatilization of the elements. However,
lechatelierite occuxrs in the moldsvites, and survival of discrets
phases might not be expected in material subjected tc such thorough
homogenization. Under this second hypothesis the presence of
lechatelierite might best be explained as a post-mixing phase sepa-
ration, but this phenomencn is not predicted and has not been
demonstrated experimentally.

American Geophysical Union Program
Absgtracts for April, 1965

C.C.Schnetzler {Goddard Space Flight Center, Greambelt, Md.). W k.
Pinson, and H.W . Fairbalrn {(Mussachusetts Institute of Technoloegy.
Cambridge, Mass.), Rb=Sr analyvses of Two Ivory Coast Tektltes. Two
Ivery Coast tektites have been analyzed mass spectrometrically for
rubidium, strontium, and sircntium isotmgic composition. The vesulis
are; Rb = 65 ppm, Sr = 304 ppm, 5¥87/5x88 = 0.7232 for one sawmple.
and Rb = 64 ppm, Sr = 394 ppm. Sr87/5y806 » (7188 for the other sample.
Thus, theaz tektltes do not 1ie In the 400 m.y. 1isochren repocied for
the othar chree known groups of tektvites. the Auvstvalaglian rektives,
the Sourh Awerican tektitus, and the meoldavites. The ivovy Coast
tekiltes appear to have been fussed from wuch older material (eirea

2 x 109 years) than the cthay groups of telkijzes.
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Abstracts from Theses

(1) John Aldwyn Philpotts - The Chemical Compesition and

(2)

Origin of Moldavites

Submitted to the Department of Geology and Geophysics
at M.I.T, in March, 1965, in partial fulfillment of

the requirements for the degree of Doctor of Philesophy.

Abstract: Twenty three new major-element snalyses of
moldavites are repoxtedo The samples include seventeen
Behemian and six Moravian tekiites. The ranges in the
contents of the varicus oxides are as follows: S

75.5 - 80.6; Alg03, 9.62 -~ 12.64; Ti0p, 0.268 - 0.4 0,
Feg03, 0:.12 - 0.31; FeO, 1.42 ~ 2 36; Mg0O, 1.13 ~ 2.50;
Ca0, 1.46 ~ 3.71; Na20, 0.31 ~ 0.67; Kp0, 3.26 - 3.81.
The Rb and Sr contents and the Rb/Sr raties are also
reported for the 23 specimens; the ranges are as
follows: Rb, 120 - 160 ppm; Sr, 130 - 156 ppm;

Rb/Sr. 0.82 - 1.20. The specific gravity and re~-

react ve Iindex values range from Z.3312 to 2.3718

and from 1.486 to 1.495, respectively.
In contrast to the australites, the moldavites display
significant negeiive correlations between the alkeli -
wetals (Na and Rb) and the alkaline earths. The
variations in the chemical cemposition of meoldavites
would seem to be unlike those of sedimentary or
igneous rocks. It is suggested that the parent
material of the moldavites was of constant chemical
composition throughout and that the present vari-
ations in composiiien are due largely to selective
volatilization. ZXhe wide range of Rb/Sr raties in
conjunction with the uniformity of the Sr isotepic
compositios:: supports this suggestion. The australite
data 1is briefly examined in terms of selective
volatilization, It is suggested that the Noxdlingen
Ries crater may have been produced by the impact of
the moldavite parent-body.

Jae-Young Hwang -~ Spectrochemical Analysis of the
Moldavites ( Ba, Li, Sr, and Rb)

Submitted in partial fulfillwment of the requirement
for the degree of Maater of Science at M.I.T.,
September, 1864,

Abstract: Spectrographic analysis of twenty-six
Moldavites was made on the elements of barium,
lithium, strontium, and rubidium using G-1 and W-1

as standard mixtures,
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Abstracts from Theses

(2) Jae-Young Hwang

The concentration of each element found ranges from
848 to 1220 in barium, 18 to 27 in lithium, 61 to 153
in strontium, and 94 to 155 in rubidium with average
relative deviations of 15.5, 8.9, 21.1, and 13.1%
respectively.

The relative accuracies of strontium and rubidium
determinations by spectrographic method was compared
with those by X-ray fluerescence analysis with
average errors of 29.0 and 14.5% respectively.

The regional variations of the elements in the
Moldavites were found insignificant within the
experimental errxors. -
On the basis of strontium, rubidium, and lithium
contents it was found that the Moldavites are most
similar to the low-calcium granite, while rubidium-
strontium ratio most closely resembles to that of
shale,
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Below are listed the academic and graduate _.

student staff supported by Research Grant No. NsG 222-61.
Drs. Schnetzler and Philpotts are now employed as geo~
chgmists by NASA warking on problems of space chemistry.

1.

2,

3.

4,

Sctnetzler, C.C., Ph.D., dissertation. Supported for
14 years as a graduate student Research Assistant

and for 2 years as a post-doctoral Research Assoclate
at MO ono

Philpotts, J.A., Ph.D. dissertastion. Supported for

3 years as & graduate student Research Assistant,

and for 2 months as & post-doctoral Research Assistant.

Hwang, Jae, M. S, dissertation. Supported for 2
years as a graduate Research Assistant.

Mrs. Maxrla Mocdy Heath, supported for 1 year as a
graduate Research Assistant

Pinson, W.H., Project Supervisor.
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Publications, sponsored by NsG 222-61

Chase, J.W., Schnetzler, C.C.,, Czamenske, G.K.,, and
Winchester, J.W., 1963, Rare earth element content
of a tektit:e, J. of Geophys. Res., 68, 577-579.

Hwang, Jae Young, 1964, Spectrochemical analysis of the
moldavites, M, S, Thesis at the Mass. Institute of

-
Technelegy.

Philpotts, J.A., 1965, The chemical compesition and origin
of moldavites, Ph.D., Thesis at the Mass. Institute of
Technolegy-

Philpotts, J.A., and Pinson, W.H,, 1965, The chemical
composition and origin of moldavites, (in press),
submitted to Science in October 1965.

Pinson, W.H,, Philpotte, J.A., and Schnetzler, C.C.,
K/Rb ratios in tektites, 1965, J. of Geophys Res.,
lg, N0o12, 2889"29940

Pinson, W.H., and Schnetgler, C.C., 1962, Rb-Sr correlation
of three tektites and their supposed sedimentary
matrices, Nature, Lendon, 193, 233-234.

Pinson, W.H., Schnetzler, C.C., Philpotts, J.A,, and
Fairbairn, H.W., 1966, Rb-Sr age study of moldavites,
prepared and to be submitted to J. of Geophys. Res.,
for publication.

Schnetgler, C.C., and Pinson, W.H., 1963, The Chemical
Composition eof Tektites, Chapter 4 in the book,
Tektites, edited by John A, 0'Keefe, The University
of Chicago Press, 95-129.

Schnetzler, C.C., and Pinson, W.H., 1964, A report on
some recent major element analyses of tektites,
Geochim. et Cosmochim. Acta, 28, 793-806.

Schnetzler, C.C., and Pinson, W.H,, 1964, Variation of
Sr isotopes in tektites, Geochim. et Cosmochim. Acta,
28, 953-969.

Schnetzler, C.C., Pinsen, W.H., and Hurley, P.-M., 1965,
Comparison of the Rb~Sr age of the Bosumtwi crater
area, Ghana, with the age of the Ivory Coast tektites,
(in press), submitted to Science in October 1965.
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